Trichoderma species isolated from water-damaged buildings were screened for toxicity by using boar sperm cells as indicator cells. The crude methanolic cell extract from Trichoderma harzianum strain ES39 inhibited the boar sperm cell motility at a low exposure concentration (50% effective concentration, 1 to 5 g [dry weight] ml of extended boar semen ؊1 ). The same exposure concentration depleted the boar sperm cells of NADH 2 . Inspection of the exposed boar sperm cells by transmission electron microscopy revealed damage to the plasma membrane. By using the black lipid membrane technique, it was shown that the semipurified metabolites (eluted from a SepPak C 18 cartridge) of T. harzianum strain ES39 induced voltage-dependent conductivity. The high-performance liquid chromatography-purified metabolites of T. harzianum strain ES39 dissipated the mitochondrial membrane potential (⌬ m ) of human lung epithelial carcinoma cells (cell line A549). The semipurified metabolites (eluted from a SepPak C 18 cartridge) of T. harzianum strain ES39 were analyzed by mass spectrometry (MS). Matrix-assisted laser desorption ionization and nanoflow electrospray ionization MS revealed five major peptaibols, each of which contained 18 residues and had a mass ranging from 1,719 to 1,775 Da. Their partial amino acid sequences were determined by collision-induced dissociation tandem MS.
Damage to membrane permeability barriers of spermatozoa and A549 cells was inspected by differential staining with propidium iodide and SYBR-14 as described by Peltola et al. (26) or with propidium iodide and calcein-acetoxymethyleoter (AM) as described by Suominen et al. (33) . The dissipation of mitochondrial membrane potential (⌬ m ) was determined by selective staining with JC-1 (5,5Ј,6,6Ј-tetrachloro-1,1Ј,3,3Ј-tetraethylbenzimidazolo carbocyanine iodide) as described by Peltola et al. (26) combined with staining with propidium iodide.
The exposed boar sperm cells were inspected by transmission electron microscopy (TEM) as described by Andersson et al. (5) with 2.5% glutaraldehyde used for fixation.
Alamethicin from Trichoderma viride was used as a control substance in toxicity assays, and it was obtained from Sigma (catalog no. A4665).
Fractionation steps of the sperm-toxic substances. The crude methanolic extract of T. harzianum strain ES39 that was inhibitory in the boar sperm cell assay was dried and resolved in pentane. The pentane-insoluble residue was then extracted with water. The pentane and water extracts were tested for sperm motility-inhibiting activity and found to have little or no activity. The residue remaining after extraction with pentane and water was dissolved in 100% methanol and diluted 1:1 with water. The solution obtained contained the toxicity. The solution was loaded on a SepPak C 18 cartridge (Waters Corp., Milford, Mass.) and eluted with a series of methanol-water mixtures (50:50, 60:40, 70:30, 80:20, 90:10, and 100:0) as described by Andersson et al. (4) . All the fractions were tested for the inhibition of motility of boar sperm cells.
Sequence analysis of sperm-toxic substances. Dried, purified fractions (eluted from SepPak C 18 cartridges with 50 and 90% methanol) were dissolved in pure methanol and measured by matrix-assisted laser desorption ionization (MALDI) and single-stage nanoflow electrospray ionization (ESI) mass spectrometry (MS).
MALDI mass spectra were measured with a Voyager DE-Pro (Applied Biosystems, Foster City, Calif.) mass spectrometer with a reflector mode of operation. Freshly prepared ␣-cyano-4-hydroxycinnamic acid was used as the matrix at a 10-g l Ϫ1 concentration in 50% acetonitrile containing 0.1% tetrafluoroacetic acid. The following source parameters were applied: accelerating voltage, 24 kV; 76% grid voltage; and delay time, 180 ns. Spectra were acquired in a positive-ion mode over a mass range of m/z 500 to 2,200. The instrument was calibrated with a peptide mixture supplied with the instrument.
ESI mass spectra were acquired with a Q-Tof Micro hybrid, triple quadrupoleorthogonal acceleration time of flight (TOF) instrument (Waters Corp.) equipped with a nanoflow electrospray ion source. The sample was introduced with a syringe pump at a 1-l min Ϫ1 flow rate. Spectrum acquisition was made in the positive-ion mode over a mass range of m/z 300 to 1,500 with the following ion source parameters: capillary voltage, 2,800 V; sample cone, 30 V; and extraction voltage, 3 V. The resolution of the instrument in single-stage TOF mode was measured at 5,400 at 50% valley definition with leucine enkephalin (Sigma L-9133). Calibration was performed for the entire mass range with cluster ions produced from a solution of acetonitrile containing 0.1% phosphoric acid. Low-energy collision-induced dissociation (CID) product ion experiments were performed using the quadrupole section for precursor ion selection and the TOF analyzer for the product ion analysis. Argon was used as the collision gas, and the collision energy was set at 35 eV. Sequence analysis was performed as described by Pócsfalvi et al. (27, 28) and Suwan et al. (34) , based on a comprehensive MS-MS analysis of both the molecular ions and characteristic complementary fragment ions produced in the ion source.
Conductance measurements in BLM. Black lipid membrane (BLM) measurements were performed as described by Mikkola et al. (21) . Briefly, the ionophoric activity of the semipurified sperm cell toxic fractions (eluted from SepPak C 18 cartridges with 90% methanol) were analyzed using planar bilayer lipid membranes prepared from phosphatidylcholine (Sigma P-5638) at a concentration of 20 mg ml Ϫ1 in heptane, on an orifice (diameter, 0.3 mm) in a Teflon cylinder as described by Mueller and Rudin (23) . The extract from T. harzianum strain ES39 was added as a methanolic solution during stirring to the cis side. The transmembrane current was fed to an OPA 2111 operational amplifier, used in a voltage clamp mode to amplify the currents and control the voltages across the BLM. The output signals were stored in the computer hard disk via analog input from an AT-MIO-16X card (National Instruments) and analyzed with WinEDR version 2.05 (Windows Electrophysiology Disk Recorder and Strathclyde Electrophysiology Software; Strathclyde Institute for Biomedical Sciences, University of Strathclyde, Glasgow, Scotland).
The number of peptaibol molecules needed for formation of a voltage-dependent channel was calculated according to the method of Hall et al. (15) .
Purification steps of the sperm-toxic substances. The crude methanol extract of T. harzianum strain ES39 was diluted to 90% (vol/vol) methanol by adding aqueous 0.1% HCOOH before fractionation by reversed-phase high-performance liquid chromatography (HPLC) (Smart System, Amersham Biosciences, Uppsala, Sweden). An Atlantic dC 18 3-m column (4.6 [inside diameter] by 150 mm; Waters Corp.) was used. The mobile phase was 0.1% formic acid in water and methanol. The elution gradient was 90 to 100% methanol in 17 min at a flow rate of 300 l min Ϫ1 , and detection wavelengths were 215, 254, and 280 nm. All the fractions were tested for the inhibition of motility of boar sperm cells.
Nucleotide sequence accession number. The accession number in the GenBank database for the gene sequence of T. harzianum strain ES39 is AY585881.
RESULTS
Strains of Trichoderma species found in indoor environments inhibit the motility of boar spermatozoa. Trichoderma species were isolated from water-damaged dwellings on several occasions. All tested isolates (n ϭ 9) from three different dwellings inhibited the motility of boar spermatozoa. Four strains were identified at the species level on the basis of morphology: one strain was T. harzianum Rifai (26) , and three were Trichoderma atroviride P. Karsten. The identity of T. harzianum Rifai (an anamorph of Hypocrea lixii) was confirmed based on sequence analysis of the ITS1-5.8S rRNA-ITS2 region (586 bp). The sperm-toxic substances emitted by strain ES39, identified as T. harzianum (26) , were studied in detail.
The crude cell extract prepared from T. harzianum strain ES39 found in indoor environments inhibited the motility of boar sperm cells at a low concentration; 50% effective concentration (EC 50 ) was 1 to 5 g (dry weight) ml of extended boar semen Ϫ1 . The same exposure concentration rendered the boar spermatozoa permeable to propidium iodide (26) , indicating cell membrane damage, and suppressed the ability of boar sperm cells to reduce the resazurin dye into resorufin. The loss of motility and penetration of propidium iodide into boar spermatozoa were detected as early as 5 min after exposure. Damage to the plasma membrane of the exposed boar sperm cells was observed by TEM after exposure to 25 g of crude cell extract (dry weight) ml of extended boar semen Ϫ1 (Fig. 1 ). The development of the boar sperm cell-toxic metabolites in a 2% malt extract plate culture of T. harzianum strain ES39 was monitored during 10 days of growth. Toxicity towards boar spermatozoa was first detected after 3 days of growth (EC 50 , 15 to 30 g [dry weight] ml Ϫ1 ). It increased from day 3 to day 5 (EC 50 , Ͻ15 g [dry weight] ml Ϫ1 ) and remained unchanged on day 8 and day 10, although the number of spores continued to increase threefold from day 5 to day 10. Thus, the production of sperm-toxic substance was not tightly coupled to the number of spores. The biomass of T. harzianum strain ES39 grown on a 2% malt agar plate was eightfold more toxic than biomass grown on 2% malt extract broth. The biomass grown on DG-18 agar plates exhibited no toxicity toward boar spermatozoa. T. harzianum strain ES39 retained toxicity when grown at temperatures as low as 11°C but not at 34°C. Of the media tested, 2% malt extract agar was the best medium for the production of toxin. Subculturing of strain ES39 on this medium preserved the toxin production capacity for more than 5 years.
Fractionation of the sperm-toxic methanol-soluble substance of T. harzianum strain ES39. When the sperm-toxic T. harzianum extract was fractionated with solvents of different polarities, it was found that the toxic agent was insoluble in water and in pentane but soluble in methanol. Therefore, the crude extract was evaporated and washed with pentane and water. The residue was dissolved in methanol and fractionated for substances of different polarities with SepPak C 18 column chromatography methanol as an eluent. All of the fractions obtained were tested for toxicity. The sperm-toxic substance was eluted with 90 and 100% methanol. Exposure of boar spermatozoa to these semipurified fractions from T. harzianum strain ES39 inhibited motility and relaxed the cell membrane permeability barrier to propidium iodide. Substances eluted with 50, 60, 70, and 80% methanol were not toxic in the boar spermatozoan motility assay; i.e., exposure to these fractions induced no loss of motility nor was any increased cell membrane permeability detected. Structural analysis of the semipurified sperm-toxic substance of T. harzianum strain ES39. Compounds eluted from SepPak C 18 cartridges with 90% methanol were directly analyzed by nanoflow ESI and MALDI-TOF MS. Based on singlestage nanoflow ESI and MALDI mass spectra, the toxic fraction consisted of five main components.
MALDI-TOF MS resulted mainly in singly charged molecular ions with a sodium cation [(M ϩ Na) ϩ ] at m/z 1,742.0 (40%), 1,756.0 (95%), 1,770.0 (100%), 1,784.0 (60%), and 1,798.0 (12%). ESI-TOF spectra yielded both singly and doubly charged sodiated [(M ϩ Na)
2ϩ ] quasimolecular ions ( Table 1 ). The distributions of the molecular ion peaks in the two spectra were quite similar, suggesting a similar distribution of the various molecular species in the mixture (supposing similar ionization efficiency for the homologues). The molecular mass of the most intense component was 1,747 Da (nominal molecular mass). The mass differences between the species were Ϯ14 and Ϯ28 Da, a typical characteristic of homologues of a certain class of compounds.
For the structural characterization of the main components observed in the single-stage mass spectra, CID tandem MS experiments were performed on selected singly and doubly charged molecular and fragment ions produced in the ESI source under low-energy collision conditions. Analysis of tandem mass spectra confirmed that the compounds belonged to the peptaibol class of peptides having 18 amino acid residues, including several 2-aminoisobutyric acid (Aib) compounds and a leucinol as the C-terminal amino-alcohol residue.
Cleavage of peptaibols at the Aib-Pro bond is a highly preferential fragmentation of this class of peptides and leads to two complementary ions of the b and yЉ type. These ions are usually also formed in source, and their subsequent collision-induced fragmentations are often used for sequence analysis of peptaibols. In this work, low-energy CID spectra were acquired on the protonated singly charged molecular ions of the five major components. All spectra showed a series of b n -type ions and a characteristic complementary ion pair identified as b 12 /yЉ 6 , suggesting a proline residue at position 13. Components I to V yielded b 12 fragment at different m/z values, while fragment yЉ 6 was observed at the same m/z value (626.4) in all the spectra (Table 1 ). In the case of component III [(M III ϩ H) ϩ ], for example, fragmentation of Aib-Pro led to complementary ion pairs at m/z 1,122.6 (82%) and 626.4 (3%) ( Table 1 ). In fact, the sum of these masses yielded the mass of the intact peptide. Besides the characteristic (b 12 /yЉ 6 ) ion pair, a series of b n -type fragment ions which enabled the identification of a partial sequence were also observed in the tandem mass spectra of (M ϩ H) (where Iva is isovaline and Ileu is isoleucine) directly from the MS-MS spectrum of the protonated molecular ion. The Cterminal amino acid (amino-alcohol, as is expected for a peptaibol) and a second partial-sequence tag were identified based on b 15 , b 16 , and b 17 fragment ions present in the higher-molecular-mass region to be Aib 16 -Gln 17 -leucinol (Leuol) 18 . In a similar way, partial sequences were obtained for the other four components as well.
To confirm the partial-sequence identification obtained from CID fragmentation of (M ϩ H) ϩ ions and to get more 12 ions of different masses led to a more complex picture, due to the presence of various isobaric sequence analogues. Nevertheless, it was possible to identify the main sequence homologues based on the b 12 /b n secondary fragment ions.
Sequences of main components I to V were further confirmed by fragment ions observed in the tandem mass spectra of the doubly charged [(M ϩ Na ϩ H) 2ϩ ] molecular ions. The advantage of using doubly charged ions instead of singlycharged ones is that doubly charged ions fragment at lower collisional energy with higher efficiency due to the coulomb repulsion force. The main characteristic of MS-MS spectra of (M ϩ Na ϩ H) 2ϩ molecular ions was the presence of not one but a series of (b n /yЉ 18 Ϫ n ) complementary ion pairs, starting from n ϭ 3 to n ϭ 12 and permitting a more unambiguous sequence annotation. The proton was found to be allocated on the N-terminal b n ion, while sodium ion residues were allocated on the yЉ n C-terminal fragment. The observed (b n -yЉ 18 Ϫ n ) ions confirmed the partial sequences obtained by the fragmentation of (M ϩ H) ϩ . The first two missing amino acid residues were deduced from the measured molecular masses (Table 1) and from the fact that the N-terminal amino acid of peptaibols is most frequently acetyl-aminoisobutyric acid (AcAib); as a consequence, the second residue should be Ser for the species studied here. All the b n series observed in these mass spectra are reported in Table 1 , and the sequences of major components I to V are shown in Table 2 . The main variations in the sequence were found to be to Aib 7 Leu/Ile at position 5, Aib 7 Val/Iva at position 7, and Aib 7 Leu/Ile at position 11.
An interesting feature of this MS-MS spectrum was the microheterogeneity: fragment ions were frequently accompanied by so-called satellite ions at a difference in mass of Ϯ14 Da. This indicates that components with a given molecular weight were not single compounds but a mixture of at least two, but presumably more, sequence homologues.
Conductance measurements of semipurified sperm-toxic substance from T. harzianum strain ES39. The semipurified fraction (eluted from a SepPak C 18 cartridge with 90% methanol) of T. harzianum strain ES39 was shown to contain five major peptaibol homologues. This peptaibol mixture was investigated by the BLM technique. The peptaibols induced a steep development of membrane current that occurred above a voltage threshold (Fig. 2) . Three parameters (V c , V e , and V a ) were determined for the conductance induced by peptaibols from T. harzianum strain ES39. V c is defined as the voltage for a given reference conductance (0.4 ns in the present study). The concentration dependence of V c is shown in Fig. 3 . The sensitivity of the macroscopic conductance to changes in aqueous dilutions of peptaibols is described by another parameter, V a , and can be calculated from the data shown in Fig. 3 . In this study, V a was 57 mV (Ϯ7 mV); i.e., V c was changed by 57 mV (Ϯ7 mV) for every e-fold change of concentration, i.e., a logarithmic change in which the base is e. The steepness of the (Fig. 2) . V e indicates the voltage increment which results in e-fold increase of the current. The ratio V a /V e allows one roughly to estimate the number of molecules of peptaibols required to form a conducting membrane aggregate, in this case, 8 Ϯ 4. Thus, the spermtoxic semipurified fraction contained peptaibols inducing voltage-sensitive conductivity composed of approximately eight monomers.
To assess the ion selectivity of the peptaibols, we measured the shift of the current-voltage curve along the voltage axis in the BLM. This was done by measuring the differences between the zero-current voltages of the two current-voltage characteristics: one measured in asymmetrical concentrations (840 and 200 mM) (Fig. 2) and the other measured in symmetrical concentrations (200 and 200 mM) of KCl in cis and trans chambers. The difference between these is Ϫ36 mV (Ϯ5 mV) with the minus sign for the chamber with the higher KCl concentration. This value is close to the theoretical value of Ϫ33 mV. The results indicate that the ratio of cation-to-anion conductivity induced by the peptaibols was approximately 50. It is therefore possible that peptaibols form cation-selective channels.
Purification of the sperm-toxic methanol-soluble substance of T. harzianum strain ES39. The sperm-toxic methanol-soluble crude extract of T. harzianum strain ES39 was purified by reversed-phase HPLC. All the obtained fractions were tested for sperm cell toxicity, and four sperm-toxic peaks were found absorbing at 215 nm. These sperm-toxic HPLC fractions were separately analyzed by ESI-ion trap MS (data not shown). Fraction 1 contained peptaibol components III and IV; fraction 2 contained components III, IV, and V; fraction 3 contained components IV and V; and fraction 4 contained component V. The sequences of peptaibol components I to V are listed in Table 2 .
Biological properties of HPLC-purified sperm-toxic substances from T. harzianum strain ES39. Four HPLC-purified fractions inhibited the motility of boar spermatozoa. Two of the HPLC-purified fractions (fractions 3 and 4 containing peptaibol components IV and V), where the yield was highest, were investigated for effects on human lung epithelial carcinoma cell line A549. It was found that these cells lost the ⌬ m when they were exposed to HPLC-purified fractions 3 (Fig. 4) and 4 at concentrations which excluded propidium iodide, showing that the plasma membrane barrier function was intact ( Table 3 ). The results indicate that the subcellular target of the peptaibols purified from T. harzianum strain ES39 in A549 cells was mitochondrial. We also tested the effects of a reference compound, alamethicin (from T. viride) and found that it also dissipated the ⌬ m of A549 cells similarly to the spermtoxic HPLC fraction 3 (Table 3 ).
DISCUSSION
T. harzianum strain ES39 found in an indoor environment was earlier shown to produce substances that inhibited the motility of boar sperm cells in vitro (26) . Boar spermatozoa have been found to be sensitive indicators in detecting microbial toxins in indoor building materials (2, 25) as well as in detecting bacteria producing toxic depsipeptides in indoor environments (4) and in foods (3) . Boar sperm cells were also shown to positively correlate with human cell toxicity (17) . In this paper, the substances responsible for the inhibition of boar spermatozoan motility in the extract of T. harzianum strain ES39 were identified as a peptaibol group of peptides, based on the molecular mass of 1,600 to 2,000 Da, containing unusual amino acids (␣-aminoisobutyric acid [Aib]), an acetylated Nterminal amino acid, and C-terminal amino alcohol residues. The single-stage mass spectrum also showed that the molecular masses of the five main components differed by multiples of 14 Da, typical of peptaibol homologues (27, 28) . The peptaibols produced by T. harzianum strain ES39 consisted of 18 amino acids. The sequences of these peptaibols showed relatedness to the trichokindin family of peptaibols isolated from T. harzianum species and characterized by Iida et al. (16) .
Peptaibols are linear hydrophobic peptides (11) . In this paper, we examined peptaibols produced by T. harzianum strain ES39 that were dissolved in methanol. The methanol solubility of the substances indicates a certain level of hydrophobicity and that they may penetrate through the lipid bilayer into the eukaryotic cells. All peptaibols are reported to have membrane-modifying activity, which may lead to leakage of cytoplasmic material from an exposed cell (9) . We showed earlier that crude cell extract from T. harzianum strain ES39 relaxed the membrane permeability barrier of boar spermatozoa to propidium iodide at exposures from 1 to 5 g ml Ϫ1 (26) . This exposure also inhibited the reduction of resazurin by boar sperm cells, indicating that the cells were depleted of NADH 2 . The membrane damage was also visible in TEMs (Fig. 1) . The peptaibols were shown to be responsible for all the toxic properties exhibited by the crude extract towards the boar spermatozoa. The bioassay based on inhibition of boar sperm cell motility thus proved to be a useful and sensitive assay for peptaibol detection.
Peptaibols are known to be amphipathic in their nature and to form voltage-dependent ion channels in lipid bilayers (9) . The antimicrobial activity of peptaibols is thought to result from the leakage of cytoplasmic material through such channels, leading to cell death (9, 32) . The BLM results in this paper showed that the peptaibols from T. harzianum strain ES39 induced voltage-dependent conductivity. Steep development of a voltage-gated membrane current in the presence of peptaibols produced by T. harzianum strain ES39 resembled that described for other peptaibols, e.g., harzianins and alamethicin (8, 20, 32) .
In this paper, we show an interesting feature of isolated peptaibols: the ⌬ m of human lung epithelial carcinoma A549 cells was dissipated, whereas at the same concentration, the cell membranes remained intact. Interestingly, the specific dis- sipation of ⌬ m was not observed in boar spermatozoa. The boar sperm cell membrane is low in sterols, rendering these cells highly permeable, and therefore sensitive, to hydrophobic molecules (1). Duval et al. (10) reported that trichorzin PA peptaibol embedment into a phospholipid bilayer was reduced when the amount of cholesterol in the bilayer was increased. Lucaciu et al. (20) also reported that harzianins increase permeability of the membranes made of egg phosphatidylcholine and cholesterol at higher concentrations and form voltagedependent channels at lower concentrations. Alamethicin, which was used in this study as a reference compound, also showed membrane-modifying activity at a higher concentration (50 g ml Ϫ1 ) and specific mitochondrial activity at a lower concentration (5 g ml Ϫ1 ) (Table 3 ) when A549 cells were used as test cells. It was recently shown with the mammalian cell-toxic substance produced by Bacillus amyloliquefaciens that specific dissipation of ⌬ m was observed at exposure concentrations similar to those in BLM channel formation (22) .
In earlier reports, peptaibol alamethicin was shown, for example, to lyse human erythrocytes, induce metabolic activity in bovine aorta endothelial cells, and release catecholamines from feline adrenal glands (reviewed in reference 9). Iida et al. (16) reported that trichokindins induced Ca 2ϩ -dependent catecholamine secretion from bovine adrenal medullary chromaffin cells at a concentration of 10 M. To our knowledge, other activities of trichokindins have not been reported. The trichokindin-like peptaibols produced by T. harzianum strain ES39 in this study dissipated the ⌬ m of A549 cells at a concentration of approximately 10 M. It is known that dissipation of the ⌬ m initiates programmed cell death in eukaryotic cells (reviewed in references 6 and 14).
T. harzianum strain ES39 was isolated from insulation material of a water-damaged dwelling (26) . T. harzianum is known to be a heavily sporulating fungus with spores that easily become airborne. We showed here that the sperm-toxic substances identified as peptaibols were present in the mixture of mycelium and spores of T. harzianum strain ES39. It has been reported that fungal mycelial fragments are released together with spores from contaminated surfaces in water-damaged buildings (12) . Kildesø et al. (18) measured the release of T. harzianum agglomerates from water-damaged building materials. The aerodynamic size of these agglomerates ranged from Ͻ1 to 10 m, but most were around 4 m in size. Particles of this size may reach the trachea and primary bronchi of the human lung (7) . The indoor isolate of T. harzianum ES39 produced peptaibols when grown on 2% malt extract agar but not on DG-18 agar culture of lower water activity, consistent with the previously reported effect of low water activity of the growth substrate on toxin production by fungi (24) . T. harzianum strain ES39 produced peptaibols at a temperature of 11°C, indicating its potential survival in toxic form in lowtemperature environments such as basements. Thus, the pathogenic potential of T. harzianum deserves attention. a HPLC-purified fraction 3 (containing peptaibol components IV and V) from T. harzianum strain ES39 was used.
b Staining with JC-1 (5,5Ј,6,6Ј-tetrachloro-1,1Ј,3,3Ј-tetraethylbenzimidazolo carbocyanine iodide) visualizes the membrane potential of mitochondria (⌬ m ). Preserved ⌬ m is visible as orange fluorescence, and the dissipation of mitochondrial membrane potential changes the fluorescence to green.
c Dual staining with calcein-AM and propidium iodide stains the cells green unless the membrane damage allows the uptake of propidium iodide. Green fluorescence indicates no damage, and red fluorescence is due to uptake of propidium iodide. 
